The growth of a ruptured small saccular aneurysm has rarely been documented. Also rare are reports of spontaneous thrombosis of ruptured small intracranial saccular aneurysms. However, there are no reported instances of ruptured small saccular aneurysms that have demonstrated an increase in size after rupture, subsequently thrombosed and disappeared from circulation. We report one such aneurysm in a patient who presented with subarachnoid hemorrhage from a ruptured small saccular aneurysm of the anterior communicating artery. The possible reasons for the initial growth and subsequent thrombosis of the aneurysm from morphometric and flow dynamic points of view are discussed.
Introduction
Intracranial aneurysms present as subarachnoid hemorrhage (SAH) due to rupture and are treated by either surgical or endovascular means. Few such aneurysms are asymptomatic. Cases of increase in size of either ruptured or asymptomatic aneurysms are few. While cases of thrombosis and spontaneous disappearance of giant aneurysms are well described, 1 that of small aneurysms is very rare. 2, 3 While there are a few reports of small aneurysms that have increased in size on serial follow-up 4, 5 or reappear after initial disappearance, 6 the reported instances of aneurysms that have both grown in size and thrombosed are of large and giant dimensions. [7] [8] [9] [10] [11] [12] [13] There are, however, no reported cases of spontaneous increase in size and subsequent thrombosis of small (non-giant) aneurysms in the literature. We report a case of a small ruptured saccular aneurysm that initially enlarged and subsequently underwent complete thrombosis during a short-term follow-up. Pathogenetic mechanisms for the sequence of the observed changes are discussed with reference to experimental hemodynamic models.
Case report
A 23-year-old woman presented with signs and symptoms of SAH. Her modified Glasgow Coma Scale (GCS) was 15/15. Her World Federation of Neurosurgical Societies (WFNS) grade was I. Initial computed tomography (CT) on the day of ictus showed SAH of Fischer Grade II ( Figure 1 ). Baseline CT angiography (CTA1) showed a saccular aneurysm of the anterior communicating artery (ACoA). There was no evidence of vasospasm ( Figure 2 ). Baseline digital subtraction angiogram (DSA) performed four days later (DSA1) showed significant enlargement of the aneurysm with evidence of mild vasospasm of the A1 segment of the left anterior cerebral artery (ACA) ( Figure 3 ).The patient did not undergo any definitive treatment as she was undecided. Repeat CT angiography (CTA2) performed 19 days after CTA1 to monitor the status of the aneurysm showed further increase in the diameter of the aneurysm with morphological change in shape from oval to round ( Figure 4 ). In spite of repeated counseling, the patient refused both options of endovascular and surgical treatments at our center and opted to travel to her native country for treatment. Repeat DSA (DSA2) performed 37 days after DSA1 at another center in her native country showed remarkable decrease in the size of the aneurysm and hence endovascular treatment was deferred ( Figure 5 ). Repeat CT angiography (CTA3) performed five and a half months later after CTA1 when the patient again visited our hospital for follow-up showed complete disappearance of the aneurysm ( Figure 6 ). Repeat magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) performed nine months later showed no evidence of the aneurysm (Figure 7) .
The indices of the aneurysm's geometry measured at different time points included aneurysm height, diameter, volume, neck size, aspect ratio, volume-neck ratio (VNR) and also parameters that incorporated the parent vessel geometry, including vessel angle, aneurysm (inclination) angle, and (aneurysm-to-vessel) size ratio. 14 Indices such as ellipticity index, nonsphericity index, and undulation index were not calculated due to non-availability of the required data to calculate these indices at all time points. The details of the measurements are given in Table 1 .
Discussion
The ACoA aneurysm in our patient ruptured producing SAH. Serial studies showed changes in morphology from the time of the first angiogram. A tubular aneurysm changed to a more spherical shape that subsequently thrombosed. While rupture is the most common complication of intracranial aneurysms and little is known regarding their spontaneous growth and thrombosis, many geometric, hemodynamic, hematological, rheological, iatrogenic, histological and systemic theories have been proposed to explain such phenomena. 7 Size of an aneurysm has been observed in a few studies to correlate with growth 4, 8, 15 and thrombosis. [1] [2] [3] [15] [16] [17] [18] [19] [20] [21] Other predictors of growth that Matsubara observed included family history of SAH, pre-existing bleb, hyperlipidemia, and diabetes. Basilar apex bifurcation or internal carotid artery location were also statistically significant predictors of growth. 4 They proposed that the process of aneurysm growth might be different from formation and rupture. 4 Sampei et al. found that the irregular contour and the presence of bleb correlated with faster growth and increased risk of rupture or rebleeding. 22 Interestingly, the aneurysm in our patient was only 2 mm at the time of rupture and went on to rapidly increase in size by one and half times in the first four days. The rapid increase in the size and morphology of the aneurysm is apparently due to changes after SAH. 4 Review of the literature suggests that complete thrombosis of intracranial aneurysms is uncommon and ranges from 9% to 13% in autopsy series 23 to 1% to 2% in clinical series. 17, 24 It most frequently occurs after SAH in fusiform or giant saccular aneurysms for reasons unknown. [1] [2] [3] 6, [18] [19] [20] [21] 25 In addition, parameters of aneurysm morphometry such as volume ratio, aspect ratio, aneurysm size, ellipticity index, nonsphericity index and undulation index parameters of vessel geometry such as vessel angle, aneurysm (inclination) angle, and (aneurysm-to-vessel) size ratio have received considerable attention to explain aneurysm growth, rupture and thrombosis across studies ratio. 7, 14, [26] [27] [28] [29] [30] [31] [32] [33] [34] The change in the morphology of the aneurysm in our patient is likely to have altered the geometric parameters. The aneurysm, which was oval at the time of initial angiogram at the time of rupture, became rounded in four days and continued to change as seen on followup studies. This changed the documented indices such as aneurysm size, volume ratio and aspect ratio, all of which increased from the first to the third study over a period of 19 days. The aneurysm volume increased by nearly 300%, volume ratio by 350%, and aspect ratio by 135%. The aneurysm decreased in size rapidly thereafter from 46 ml to about 14 ml (>300% change). Considering that geometric indices have been implicated in inducing thrombosis in an aneurysm, it is possible that this is what happened in our patient and thrombosis was induced. The formation of thrombus may occur over a short time interval rather than as a slow layering process. 34 Apparently, the reduction in size and presumable process of aneurysmal thrombosis only started and continued after the critical threshold of aneurysmal morphometric indices favoring thrombosis were reached. In an experimental animal model of aneurysms, Black and German suggested that a VNR greater than 1:28 was associated with aneurysm thrombosis. In keeping with their finding, this ratio in our patient went from 7.8 to 41.8, after which it started to decrease and disappear. 27 Inclination angle has not been found to consistently correlate with aneurysm growth and rupture. 14, 35 Nevertheless, in the serial study of the aneurysm in our patient, the aneurysm inclination angle initially increased with the increase in the size of the aneurysm and subsequently decreased to its lowest value before complete thrombosis. It is therefore possible that the progressive decrease in the angle in our patient was conducive for decrease in the size of the aneurysm and thrombosis.
Computational fluid dynamics (CFD) models have been extensively used to provide detailed analysis in clinical 14, [34] [35] [36] and experimental studies 37, 38 to understand the mechanisms of aneurysm formation, growth, rupture and thrombosis. Some of the factors studied include intra-aneurysmal pressure, velocity, wall shear stress (WSS) and flow residence time (FRT). 39, 40 Stasis of contrast material in the aneurysmal sac during angiography has been implicated as an important factor in thrombus formation though the relation between contrast media and clotting mechanism is poorly understood. Red cell and endothelial damage due to presence of contrast within the aneurysmal sac may trigger thrombosis with release of tissuebased thrombogenic substances. In our case there is evidence of contrast stasis in the late venous phase of DSA2 that could probably have contributed to thrombosis of the aneurysm. 6 Though we have not measured flow-velocities and WSS calculations, the follow-up angiograms after the first study showed not only a larger aneurysm, very large increase in VR and AR, but also stasis of contrast, suggesting reduced velocity and increased FRT conditions favorable for thrombosis. Experimental studies have shown aneurysms with a small orifice experience lower flow velocity, altered flow directions, turbulence and smaller shear forces than those with a large orifice, as was the morphology in our patient. 41 Endothelial injury due to turbulent blood flow has been shown to facilitate platelet deposition, platelet aggregation, and thrombus formation. 42 Though there is no direct evidence in our patient, it is possible that the initial change in the aneurysm morphology in turn changed the dynamics of blood flow, WSS and FRT in the aneurysm to initiate and then progressively thrombose the aneurysm.
In addition, other biophysiological factors such as hypotension, vasospasm, and local damage to the arterial wall, 7,23,29 increased blood coagulability, age of the aneurysm, hemodynamics in the parent artery, direct distortion of the parent artery by the aneurysmal sac, turbulent flow in aneurysms, endothelial damage and increased platelet aggregation have also been proposed. 2, 7 Our patient was normotensive and there was evidence of mild vasospasm in the second study. However, local damage to the vessel wall cannot be ruled out. It is possible that some of the above factors that we have not investigated may have played an additional part in the induction and thrombotic occlusion of the aneurysm after initial rupture.
Our case illustrates for the first time the chronological changes in a small saccular aneurysm that ruptured, grew in size and finally thrombosed completely, while signifying the importance of stasis of contrast in the aneurysm as a sign of ensuing thrombosis. It also exemplifies the clinical and experimental evidence in the literature regarding the dynamics of growth and spontaneous thrombosis of small ruptured aneurysms. Aneurysm not seen CTA: computed tomography angiography; AR: aspect ratio; DSA: digital subtraction angiography; SR: size ratio; Ht: height; VNR: volume-neck ratio; D: diameter; 5 A : aneurysm inclination angle; Vol: volume; 5 V : vessel angle.
